placed at the northwestern end of the RIBF. The E5B beam line was originally developed for the irradiation of biological samples in 1991 (Kanai et al. 1991) . The heavy-ion beams transported from the RRC are spread laterally using a pair of wobbler magnets and a scatterer foil (Renner and Chu 1987) . Figure 1 shows a schematic view of the E5B beam line. The beam is wobbled around the beam axis to draw a circle at the position of the samples using a pair of wobbler magnets. The diameters of the circles drawn by carbon, nitrogen, and neon beams are approximately 57 mm, and those drawn by argon and iron beams are approximately 58 mm. Two sheets of gold foil are placed behind the wobbler magnets; foil thicknesses are approximately 0.3 and 0.2 mm. The 0.3mm-thick foil is used to spread the carbon, nitrogen, and neon beams by multiple Coulomb scattering, and the 0.2mm-thick foil is used to spread the argon and iron beams. After passing through the gold foil, heavy ions move in a straight direction, forming a uniform radiation field at the position of the samples. The beam is extracted into air from the vacuum duct through 50-mmthick aluminum foil. An ionization chamber is placed immediately downstream of the aluminum foil separating the air and vacuum. The ionization chamber is used to measure the integrated beam current. Behind the beam monitor, biological samples are irradiated with heavy-ion beams. The samples are automatically sent to the beam position and irradiated with the control of the linear energy transfer (LET) and dose using an automatic irradiation system.
Automatic irradiation system
The automatic irradiation system consists of an automatic sample changer and a range shifter. Figure 2 shows a photograph of the automatic irradiation system. Sample containers are filled with biological samples. Typical sample containers are a 50-mm-wide 75-mmhigh 18-mm-thick rectangular plastic box ( Figure 3D ), 35-, 60-, and 90-mm-diameter plastic Petri dishes ( Figure  3C ), and a 60-mm-wide 80-or 100-mm-high 60-mmthick plant box ( Figure 3A) . The sample containers with biological samples are attached to frames supporting the sample containers. Table 1 shows a list of the frames. Four to seven sample containers can be attached to one frame, depending on the type of sample container. The frames are numbered, and the sample containers are distinguished by the frame number and their attachment position on the frame. Dose and LET are indicated for each sample container by specifying the frame number and the attachment position of the sample container on the frame. The frames are placed on the stages of the automatic sample changer. The automatic sample changer automatically carries the frames to the topmost stage using lifts and air cylinders. The frame number is read using devices at the upstream end of the stage, and the frame is carried onto a movable Figure 4 shows the LET of carbon ions (Kanai et al. 1993) . The horizontal axis indicates the water equivalent thickness at which carbon ions penetrate, and the vertical axis indicates the LET of the carbon ions. The LET gradually increases as the energy of the carbon ions decreases; thus, we can control the LET by changing the kinetic energy of a heavy-ion beam. By decreasing the kinetic energy of the heavy-ion beam, the range of the ions in the sample and LET are shifted.
Energy adjuster
The range shifter can be used to select only some discrete LETs because the total aluminum thickness is the sum of the aluminum thicknesses selected from the limited number of aluminum disks. The smallest interval is determined by the thickness of the thinnest aluminum disk (24 mm), and it is difficult to stably move a very thin foil of large area in air. Thus, an energy adjuster was constructed to enable a finer selection of LET ). Figure 5 shows the schematic view of the energy adjuster. Thirty foils are attached to chain loops stretched in a cylindrical vacuum chamber. A beam viewer is also attached to the chain loops. An opening is left to allow beams to pass through without hitting any foil, and this part is also used to determine the zero point of the loops using switches. Two motors are placed at one end of the cylindrical vacuum chamber. The other end is connected to a common vacuum chamber in the beam transport line. One of the motors is used to change the foil at the beam position by rotating the chain loops through a biaxial feed through. The other motor is used to tilt the foil. The foil can be tilted from 0 to 60°; thus, the effective thickness of the foil can be continuously increased up to two times the initial foil thickness.
Summary of beams
At present, biological samples are irradiated with 12 C, 14 N, 20 Ne, 40 Ar, and 56 Fe beams. Table 2 shows a summary of the parameters of these ion beams. Energies and LETs at the surfaces of the samples were estimated using calculation codes of energy loss (Bazin et al. 2002 , Tarasov and Bazin 2004 , Ziegler et al. 1985 . The Figure 4 . LET of the carbon ion passing through water (Kanai et al. 1933) . The horizontal and vertical axes indicate the water thickness and LET, respectively. Heavy-ion beam irradiation facility for biology 
